Objectives: Childhood obesity remains a significant threat to America's children. Health care leaders have increasingly called upon oral health professionals to integrate healthy weight promotion and enhanced sugar-sweetened beverage counseling into their professional practices. The aim of this scoping review is to examine recent evidence regarding the effectiveness of primary care childhood obesity interventions that have potential for adoption by oral health professionals. Methods: Medine, and PubMed were searched from 2010 to 2016 for review articles and studies reporting patient outcomes or policy outcomes relevant to primary care childhood obesity interventions for children ages 2-11 years. Additional articles were accessed through relevant websites, journals, and references. Our screening criteria included interventions that could be adopted by oral health professionals. Results: Forty-two articles met inclusion criteria. Effective interventions fell into four domains: family-based programs, motivational interviewing, office-based practice tools, and policy interventions. Despite strong evidence linking the consumption of sugar-sweetened beverages to childhood obesity, our review did not find evidence of primary care programs effectively targeting and reducing childhood sugary drinks. Conclusions: Effective primary care interventions for addressing childhood obesity have been identified, although only short-term effectiveness has been demonstrated. Dissemination of these practices as well as further research and advocacy are needed. Childhood obesity and poor oral health share many common risk factors. Additional research should focus on the benefits and feasibility of widespread interdisciplinary medical-oral health collaboration in addressing the two most prevalent diseases of childhood.
Introduction
America's high rates of childhood obesity are a serious concern for families, health care practitioners and the nation at large. Ogden et al. reported 31.8 percent of US children aged 2-19 had unhealthy weights as measured by the 2011-2012 National Health and Nutrition Examination Survey (NHANES) (1) . The natural history of childhood obesity begins with excessive rates of weight gain occurring early in life and persisting into later childhood and adult years (2) (3) (4) . Traditionally, medical primary care professionals (PCPs) have addressed this epidemic; however, these interventions are increasingly being questioned as ineffective without more involvement of other health care and community partners (5) (6) (7) .
The aim of this scoping review is to examine recent evidence regarding the effectiveness of primary care interventions to reduce childhood obesity. Our framework was to identify medical interventions, such as lifestyle counseling for sugar-sweetened beverages (SSBs) and routine health monitoring that had a potential for widespread adoption by the oral health community. We presented this review to the Healthy Futures Symposium, held in November 2016; the purpose of the Symposium was to address how the oral health community could be involved in reducing childhood obesity. This innovative convening of medical, dental, academic, and community partners gave our interdisciplinary group of authors the opportunity to view the medical literature with a novel perspective and review effective primary care interventions that oral health professionals could adopt if they choose to integrate healthy weight promotion into their professional practice.
Methods
We searched two relevant electronic databases (PubMed and MEDLINE) for English-language review articles dating from January 2010 to July 2016 to answer the following research question:
• What are non-oral-health professionals (e.g., physicians, nurse practitioners, and dietitians) in practice and in public health settings currently doing to effectively address childhood (under age 12) obesity and reduce consumption of SSBs?
We identified additional relevant articles by screening recent contents of major pediatric and childhood obesity journals, the Cochrane Library, ClinicalTrials.gov, and other obesity-related websites and reference lists. Using defined inclusion/exclusion criteria (Table 1) , two members of the study group (DD, NM) performed title and abstract screening of 1,404 articles. In accordance with PRISMA guidelines, we subsequently performed independent review of 244 fulltext articles for inclusion/exclusion criteria and relevance to the study question (8) . Articles were grouped into effective domains; all authors independently extracted the data from the 42 identified articles within the effective domains (See Figure 1 ). Detailed information on the search strategy is available in the appendix.
Results
After review of the relevant studies, we identified four domains of effective primary care interventions used to address childhood obesity:
• Family-based programs • Motivational interviewing • Office-based practice tools • 
Policy interventions
Because of the strong evidence that SSBs are unique contributors to childhood obesity, we also reviewed targeted clinical interventions to reduce childhood SSB consumption (9) .
Family-based programs
Recent reviews of family-based interventions show participating families generally realize clinically significant improvements in the weight trajectory of their children (Table 2) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . These programs for overweight or obese children and their families occur in health care settings, homes, or community settings and engage participants in a series of classes with an interactive curriculum focused on dietary changes, physical activity, and parenting support.
Berge et al. reviewed 20 family-based programs and found "70 percent of studies showed statistically significant moderate to large effect size changes in child BMI (body mass index)" (14) . Secondary outcomes such as changes in screen time, diet, and unstructured and structured play were also improved. The most effective interventions included information as well as interactive learning in the areas of parenting skills, nutrition, and physical activity (15, 16) . Ling et al. reviewed 29 family-based interventions and found young children generally have greater improvements in weight than older children (18) . A systematic review on screening and treatment for childhood obesity performed by O'Connor showed behavior-based interventions had relative reductions in BMI z score of 20.2 or more (18) . The reductions in BMI were relatively short-term in all programs; most programs did not show efficacy 6-12 months after the intervention ended. Reported outcomes demonstrate that these programs effectively educate families and promote lifestyle changes. Although there is no standardized family intervention program proven to be most effective, parental satisfaction is generally high. Eighty-nine percent of parents participating in the Healthy Habits, Happy Homes program were satisfied or very satisfied with the program (19) . Practitioners can refer families to local programs, however, programs presently have variable health care coverage and availability. A systematic review and meta-analysis of behavioral-based interventions for the United States. Preventive Services Task Force (USPSTF) concluded family-based programs with at least 26 contact hours were effective in reducing excess weight gain in children and adolescents after 6-12 months; the draft evidence review endorsed health insurance coverage of these programs as being an effective preventive health intervention (18) .
Motivational interviewing
The review also demonstrated the effectiveness of motivational interviewing (MI), an intensive counseling style used by PCPs to encourage families to adopt healthier lifestyle habits (Table 3) (20) (21) (22) (23) (24) (25) (26) . The 2007 Expert Committee recommended PCPs use MI as a tool in negotiating healthy lifestyle changes with families; however, the degree of efficacy of this technique in a clinical setting was unknown until recently (4). Borrello et al. performed a systematic review and metaanalysis of MI for parent-child health interventions, including studies targeting oral health in children, and concluded MI is associated with significant improvements in children's health behaviors (20) . Large studies of childhood obesity MI programs conducted in multiple primary care settings have demonstrated short-term weight trajectory improvements as well 
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V C 2017 American Association of Public Health Dentistry as changes in secondary moderators of weight, such as caloric intake, television watching, and physical activity. These programs are often co-located in the medical office setting and may involve a PCP meeting with the family to set feasible goals, followed by a registered dietitian or nurse practitioner assisting the family at home or in the office with the chosen goals. Consistent with the methods of Miller and Rollnick, trained practitioners use non-directive questioning and reflective listening to establish agreement with families that change needs to occur (27) .
Office-based practice tools
Our review contained 11 articles demonstrating that electronic health systems and office-based practice tools improve care and communication for PCPs addressing childhood obesity (Table 4 ) (28-38). Shaikh et al. documented that adoption of electronic provider prompts and reminders in a teaching clinic resulted in a significant increase in diagnosis and follow-up for overweight and obese pediatric patients (30) . In a point-of-care study of clinical decision support by Taveras et al., obese children seen in a clinic using more advanced EHR capabilities had less increase in their BMI than those in usual care (31). Bronder et al. outlined further potential capacities of EHR systems, including provision of self-management support, linked patient education, and prompts for community and programmatic referrals, but noted few currently adopted EHR systems presently have these capabilities (32) . The reviewed literature also showed promise that widespread adoption of improved communication tools with families with limited English proficiency (LEP) and/or low health literacy would enhance clinical interventions in childhood obesity. This area of inquiry is critically important since family LEP and low health literacy status both correlate with increased rates of childhood obesity and decreased parental care satisfaction (33) . Studies showed strong evidence that use of language interpreters and partnering patients with physicians that speak their language improve outcomes and care for LEP adult diabetic patients (34) (35) (36) . Using tools to confirm patient comprehension, such as the teach-back method was also demonstrated to assist adult patients avoid misunderstandings of health concepts. As reported by Porter and Zoellner, teach-back methods improved the ability of adult patients to complete self-monitoring diaries and resulted in a decrease in SSB consumption among low health literate patients (37, 38) .
Interventions to influence policy
Many authors in our review noted that childhood obesity preventive measures taken on a broad policy level would likely be more effective than clinical interventions after obesity develops. Our review of nine articles with policy interventions (Table 5) showed that health care practitioners could be the crucial link between community-based prevention efforts and individual treatment follow-up. However as pointed out by Vine et al. "Many health care providers continue to see themselves primarily as clinical practitioners and not as health educators or advocates in the broader community." (39) Boyle et al. reported that 88 percent of surveyed providers thought health care practitioners should advocate for policies to reduce obesity, improve local environments, and expand insurance coverage for obesity prevention. The authors concluded that health care practitioners could effectively mobilize community members and influence policymakers, but need time, training, resources, and institutional support to improve their ability to communicate obesity-prevention messages as policy advocates (40) .
Reviewed authors identified multiple opportunities for health care professionals to initiate preventive policy changes close to home. The importance of establishing healthy local vending policies was highlighted by Craddock et al. in a study reporting significant declines in student soda consumption when Boston high schools restricted the sale of SSBs from vending machines (41). Lawrence et al. reported that sodas comprise the greatest percentage of beverages, and candy was the most frequently offered food in the vending machines of local health facilities (42) . Wocjicki and Grech et al. described numerous vending strategies for altering marketing, availability or pricing of unhealthy drinks and foods in hospital vending machines, and concluded that changes in hospital food policies can be a model for community health reforms (43, 44) .
A significant body of articles also presented evidence regarding the impact of food and beverage industry funding on professional organizations and research. Bes-Rastrollo et al. studied published reviews of the medical literature on the relationship between SSB consumption and weight gain; they found that reviews with financial conflicts of interest were five times more likely to determine no impact of SSB on weight gain compared to reviews without food-industry funding (45) . Analysis of sugar industry influence on federal policies and research by Kearns et al. revealed that historical documents from the 1960s showed that the sugar industry successfully developed relationships with federal policymakers and prominent researchers to minimize the true harms of sugar intake; the resulting policies significantly impacted priorities for the subsequent National Caries Program and research regarding the hazards of added sugar on cardiovascular health (46, 47) .
Lack of clinical interventions to reduce SSB consumption
Despite evidence of strong links between SSB consumption in children and unhealthy weight gain, our review did 
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V C 2017 American Association of Public Health Dentistry not find evidence of targeted clinical interventions for children that significantly reduced SSB consumption (Table 6 ) (9, (48) (49) (50) (51) (52) (53) . A systematic review by Lane et al. concluded that child-and adolescent-focused SSB intervention studies are not providing enough information to determine best practices for nutrition researchers and practitioners (49) . The reviewed studies primarily identified correlates of SSB consumption, such as Mazarello Paes et al. who reported that children's preference for SSBs, time spent viewing television or other screens, and snack consumption were positively associated with SSB consumption; parental modeling of healthy drinks was associated with lower SSB consumption. They also found that studies using a behavior change theory and addressing multi-level determinants of SSB consumption had proven short-term efficacy (50) . School interventions addressing SSB consumption provided some evidence of the types of messaging effective at changing behavior. As reported by Cunha et al., nutritionists delivering educational sessions on SSB consumption to students, parents and teachers found significant reduction in daily SSB consumption but no reduction in BMI gain (51) .
Discussion
Our review of the relevant literature identified four domains of effective clinical practices and policy interventions available to PCPs to reduce childhood obesity: family-based programs, motivational interviewing, office-based practice tools, and policy interventions. Evidence of efficacy was most significant in family-based interventions and motivational interviewing, with systematic reviews consistently finding short-term effectiveness compared to usual care. The benefits of these interventions to families and children include statistically significant reductions in BMI z scores as well as increased physical activity, reduced screen time, and reduced consumption of sugary drinks and foods. The improvements are generally clinically modest, however, and do not show evidence of sustained effects beyond the intervention period, usually 6-12 months (18, 25, 26) . Future research should focus on sustaining the benefits of these programs. We concluded that the evidence supports widespread dissemination of these programs into clinical practice and pre-doctoral curriculum, since they demonstrate efficacy greater than that seen in the current brief, primary care interventions for pediatric weight management (54) .
The use of enhanced office-based practice tools also showed promising evidence for improved provider effectiveness in addressing childhood obesity. Electronic health systems with provider prompts and decision support tools demonstrated improved childhood obesity documentation, however, only one study reviewed showed improved clinical outcomes. Further work needs to be done in this promising 
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V C 2017 American Association of Public Health Dentistry area as well as the use of primary care language support tools to address childhood obesity. The low levels of use of interpreters in primary care has been documented by many authors; a national survey of the American Academy of Pediatrics fellows in 2010 showed that less than half of responding pediatricians working in states with a high-LEP population reported any formal interpreter use. The majority of pediatricians surveyed used family members, including the child patient, to communicate with parents, a practice correlated with communication errors and compromised quality of care (55) . Most practitioners and researchers call for a multi-sector approach to address childhood obesity and dental caries, in which broader societal, economic, and community factors are addressed along with individually oriented clinical efforts. Our review identified a link between reducing the availability of soda in school vending machines and student soda consumption, and evidence that vending environments in many hospitals do not model healthy dietary recommendations. Reviewed studies also identified important issues to be addressed such as the potentially pernicious influence of food-and-beverage-industry funding on governmental policies, and professional research. We concluded that health care practitioners have unleveraged potential to reduce childhood obesity rates by taking a more active role in creating healthy environments for children. Researchers should also increase their study of the impact of PCP advocacy efforts on issues such as local vending environments and professional conflict of interest policies.
Our review noted a significant gap in primary care tools addressing childhood obesity -the lack of effective clinical interventions to reduce childhood SSB consumption. There is a great need for research in this area, since SSBs are a major source of sugar in children's diets. The American Heart Association recommends that children and adolescents limit sugar consumption to less than 25 grams daily, yet between 2009 and 2012 children 2-19 years of age consumed on average of 80 grams, or 20 teaspoons of added sugars daily (56) . Studies have shown a significant relationship between soda consumption and higher rates of weight gain and obesity in children aged 2 and above (52, 57, 58) . Researchers should prioritize developing practical, sustainable interventions for SSB reduction; these could be available either in clinical or community settings. Similar to smoking cessation programs, a step-wise method of reducing consumption of sugary drinks would assist families in understanding the risks of SSBs, documenting their intake of SSBs and support interested families in making lifestyle changes. It would also help families identify which childhood drinks contain sugar and deliver a clear message that these drinks are unhealthy. Though a personal, highly tailored office or community-based intervention may be proven effective, altering school and community environments in conjunction with counseling and education would produce the most lasting and meaningful effects. Widespread dissemination of the clinical interventions identified in this review would require mobilizing both health care and community partnerships. Although motivational interviewing and family-based programs are initiated in the primary care setting, expansion of these programs would require additional support outside of daily clinical practice. Authors reported that lengthy health practitioner training, additional staff to recruit and motivate families, large group spaces, and interdisciplinary collaboration were all critical to demonstrating program effectiveness. They also noted that incentives and convenient scheduling were needed to motivate families to participate (22, 24) . Studies of enhanced EHR and communication tools cited barriers such as cost of implementation, difficulty obtaining reimbursement for services, and the additional time required for their access and use (29) (30) (31) (32) . Similarly, authors advocating for enhanced advocacy role for health care practitioners noted that PCPs would need time, training, resources, and institutional support to become more effective policy advocates (40) .
Our review's intent was to identify effective childhood obesity interventions that could potentially be adopted by interested oral health professionals. Health care leaders have increasingly called on oral health professionals to take a role in addressing childhood obesity, similar to their efforts to address hypertension, diabetes, and tobacco use. Childhood obesity and poor oral health share common risk factors and disproportionately impact a population of at-risk children from low-income families and certain racial/ethnic groups (59, 60) . However the framework of a medical-oral health effort to address these diseases remains unclear and barriers would need to be addressed, such as the lack of integrated EHRs and interpreter services in many oral health settings and reimbursement for enhanced interventions. Further research is needed regarding the feasibility and impact of this collaboration (5) .
Multi-disciplinary professional partnerships could enhance advocacy efforts for policy changes, such as healthy vending machines, and efforts to address SSB marketing and influence on research. Practitioners working with families to encourage the formation of healthy lifelong habits are in a position to effectively advocate on broad policy matters, such as access to healthy foods and water. Oral health professionals could partner with medical providers to ensure that professional organizations adopt strong conflict-of-interest standards to limit the influence of industry on research and policy-making. By disseminating identified effective practices more widely and working together, practitioners and policymakers have significant potential to create healthier futures for the children and families in our care.
Our review documents the effectiveness of multiple domains for primary care providers to address childhood obesity in their offices and professional practice. Strengths of this review include the comprehensive search and the novel framework of using inclusion criteria developed by a multi-disciplinary team of authors to view primary care interventions that might be integrated into oral health practice. The review has several limitations, including the use of English-language articles only, our inability to assess bias and the dependence upon many review articles that cited duplicating primary references.
Conclusion
• This scoping review provided evidence of effective primary care interventions to reduce childhood obesity including family-based programs, motivational interviewing, office-based practice tools, and interventions to influence local, community and professional policies.
• The review identified a lack of effective clinical programs targeting reduced consumption of SSBs by children and their families. Further research on effective programs is critically important.
• The widespread dissemination of the identified evidence-based practices by PCPs has the potential to significantly reduce rates of childhood obesity. Barriers would need to be addressed in order for sustainable programs to be widely available to patients.
• Research is needed to identify programs that demonstrate sustained reduction of unhealthy weights in children.
• Further research is also needed on the impact of language interpreters, EHR clinical decision support and low-literacy communication methods in addressing childhood obesity.
• Childhood obesity and poor oral health share many common risk factors and disproportionately impact a shared population of at-risk children. Many of the effective interventions for childhood obesity, such as motivational interviewing, office-based practice tools, and policy initiatives to support healthier environments have potential for widespread adoption within the oral health community.
• Health care practitioners from various disciplines have the potential to work together to influence societal issues impacting both childhood obesity and poor oral health and create healthier futures for children.
